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Highlights 
 TDStats v2017.1 is described for facial soft tissue thickness analysis in R. 
 In ≤45 seconds TDStats analyzes large data sets (e.g., 14,201 data points). 
 Data outputs include statistics not present in other statistical packages. 
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 Five different plots are generated for each landmark (24 landmarks = 120 plots). 
 The code is open source and freely available at CRANIOFACIALidentification.com. 
 
Abstract 
The popular and repeated calculation of facial soft tissue thickness in different samples by 
different practitioners makes the development of a free, standard, and open–source tool that 
calculates all necessary statistics in an automated fashion useful. This tool should enable data 
analysis for single studies or multiple studies in both independent study–specific format and as 
a pooled aggregate. The tool should be fast, should facilitate exploratory data analysis, and 
should provide robust central tendency statistics (shorth and shormaxes). The tool should 
facilitate effortless analysis, so that once the raw data are entered, little additional input is 
required of the analyst to maximise user–friendliness. This paper describes in detail such a 
capability (TDStats v2017.1) specifically formulated for soft tissue thickness analyses and 
demonstrates its utility by analysing 14,201 publically available data points at 24 landmarks 
from 1,713 subjects in under 45 seconds. Outputs include 120 plots, 15 tables, and 5 summary 
pdfs. A step-by-step user guide to TDStats is provided as well as additional comments and 
clarity on the utility of robust central tendency statistics. 
 
Keywords: Forensic science; Craniofacial identification; Facial soft tissue thickness; Facial 
soft tissue depth; Shorth; Shormax 
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1. Introduction 
Facial soft tissue thickness research was first initiated by Welcker to assist craniofacial 
identification in 1883 [1], some 135 years ago. Since then more than 100 FSTT papers have 
been published with more than one third entering the literature in the last 10 years (Fig. 1). 
Across the last 30 years, the number of published FSTT studies has thereby risen substantially. 
Now, FSTT studies easily represent the most frequently published topic within the craniofacial 
identification domain [2] and without any sign of a slowdown, the number of FSTT studies to 
be published each year in the future can only be expected to grow (Fig. 1). This will create an 
ever more expansive set of data adding to the already abundant aggregate data: >160,500 
measurements of >10,300 adults [3]; and for sub-adults: >66,900 measurements of >8,500 
individuals [3].  
 
With the formulation of new FSTT raw data repositories [4] and employment of new and 
different descriptive statistics [2], new tools that meet new data analysis demands and facilitate 
increased analytical speed are required. Necessary new functions include the ability to analyse 
multiple independent and pooled datasets in automated and quick fashion with the production 
of a comprehensive suite of exploratory data plots and summary statistic outputs to help the 
researcher formulate informed scientific inferences and produce the best quality summary 
statistics for casework point estimation.  
 
This paper describes in detail a purpose built R [6] capability to standardize and expedite FSTT 
analysis in craniofacial identification, including all pertinent summary statistics and 
emphasizing exploratory data analysis functions.  The first version of this capability was 
released in 2012 (v2012.1), but has since gone through a number of updates—the latest being 
v2017.1 as described herein. It is called TDStats—short for Tissue Depth Statistics. In addition 
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to its in–depth description to facilitate user operation, this technical note aims to determine the 
processing time TDStats requires to conduct a representative facial soft tissue depth analysis.  
 
2. Materials and Methods 
2.1 Background to Capability Development and Intent 
TDStats was initiated to address a need, identified through a series of FSTT studies [2, 5, 7], 
for a program that facilitated exploratory data analysis [8-11] and provided robust estimators 
of location [12]. At the time, this was contrary to the more popular and mainstream practice of 
statistical significance testing largely with disregard for measurement errors, effect sizes, and 
potential problems of sampling procedures employed [13]. 
 
The principle underpinning exploratory data analysis (EDA) is to interrogate the data visually 
for its underlying patterns to draw scientific inferences (Fig. 4),  rather than performing 
statistical significance tests in isolation [8-11, 14]. The value of such data visualisation is 
widely recognised and saliently demonstrated by Anscombe’s famed data quartet of data [11, 
15]: data trends are difficult to read from numbers alone, especially when summary statistics 
provide near identical results (Table 1), but underlying differences in data patterns are 
immediately obvious and salient when the data are plotted or visualised (Fig. 2).  
One goal of TDStats was to harness these principles and as a result no statistical significance 
test functions are explicitly provided within TDStats tool. These tests are left to the user to 
conduct on their own risk/accord (see e.g., [3, 5, 13, 16]).  
 
2.2 Capability Development 
2.2.1 Why R? 
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Inspiration for exploratory data analysis of FSTT and TDStats was originally provided when 
undertaking FSTT analysis [7] in the JMP program, which is also EDA orientated.  JMP did 
not, however, provide shorth [12] or 75-shormax calculations [2, 17] and functionality was not 
tailored to full pipeline FSTT analysis in streamlined fashion. This could, however, be achieved 
in the fully customisable statistical programming environment of R [6]. The R environment 
also held the advantage of being open–source and free, making it easily accessible to any 
craniofacial identification researchers or practitioners [6, 18]. The open–source nature of R and 
TDStats additionally provides the option that the code can be audited and/or extended by any 
practitioner truly making it a community resource [18]. 
 
TDStats integrates a number of graphical user interfaces (GUIs) in its workflow to offer users 
point-and-click functionality, such that no entries to the R console window are required. This 
permits TDStats to be easily used even by those with limited coding skills, R language fluency, 
or familiarity with R.  
 
2.2.2 Licensing 
TDStats code is open source and has been released under the General Public License, version 
2 (GPLv2), meaning that the code can be freely distributed and modified for other purposes, 
provided it too is released under the GPL v2 license and contains acknowledgements back to  
[2] and/or this paper. 
 
 
2.2.3 Workflow 
The program is designed to undertake the FSTT analysis in two steps so far as the end–user is 
concerned: 1) load the facial soft tissue thickness data via an open-dialogue box, and 2) 
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automatically, but serially conduct statistical evaluations of the data and output the results to a 
single working directory ready for user examination. See supplementary File 1 for the TDStats 
User Manual and supplementary File 2 for a .pdf of the source code (NB. original .r source 
code is available at CRANIOFACIALidentification.com). 
 
2.2.4 Data Input 
The FSTT data should be entered as a .csv file in the standard format of the C-Table. Note here 
the .csv file can easily be viewed, modified and changed in Microsoft® Excel® with very similar 
format/appearance to .xls files (but should always be saved with a .csv extension).  
 
The number of landmarks used in the analysis is set by the user at an entry dialogue box upon 
running the TDStats program, with defaults set to the standard pre–set 27 landmarks of the C-
Table. A successful load of the data is recognised by the program and communicated to the 
user by an onscreen message. 
 
TDStats is designed to handle multiple FSTT datasets in the one .csv file, and it will produce 
summary data and boxplots for individual studies, as well as aggregate summary statistics and 
other plots for the full pooled data suite. Consequently, new FSTT data to be analysed can 
simply be appended as rows for each new individual below the already populated C-Table 
dataset, or the existing data can be removed to only run the data of one specific study. In either 
approach the same summary statistics for a single study will be produced. TDStats searches the 
entered data to find if any studies hold sample sizes < 10 individuals and removes these from 
the analysis due to reliability concerns for data of such small sample size when analysed as a 
standalone study.  
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2.2.5 Data Analysis 
As mentioned above, the emphasis of TDStats is on data visualisation, summary statistics, and 
exploratory data analysis; not statistical significance tests. TDStats is written to first calculate 
an extensive suite of summary statistics, including the untrimmed arithmetic mean but also the 
more robust shorth [12] and accompanying statistic in the FSTT space: the 75-shormax [2, 17]. 
As required to calculate the shorth, TDStats calculates the shortest–half of each FSTT 
distribution first. Summary statistics for these shortest–halves are also provided in the TDStats 
data output tables, so investigators can cross-check the integrity of the calculations undertaken. 
A cross table of Pearson’s product moment correlations between different FSTT landmarks is 
also provided. 
 
Once the summary statistics have been calculated, a series of plots are generated and saved in 
separate .jpg file format. Separate plots are also collated and saved across multiple pages in 
single .pdf documents for portability. The first set of graphs are box-plots showing each 
independent study on the same graph. These box-plots are organised by landmark, include a 
shortest half bracket, and enable easy visual comparison of data between studies. The data is 
then pooled for all studies in the data file (n>10) for the remaining plots. Violin plots are 
generated to assist in evaluating skewness (skewness values are also reported in the summary 
statistics). Density plots by sex are next generated followed by scatterplots by age. In the 
newest release of TDStats (v2017.1) these scatterplots include point opacity in the .pdf plots, 
so that densities of points can be visualized within large datasets. Histograms for the pooled 
data are next generated in bi-plot format with an accompanying boxplot that displays the 
shortest half, median, mean, shorth and 75-shormax. 
 
2.3 Analysis Time 
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To establish data analysis time, the Sys.time() function was activated in R following TDStats 
v.2017.1 loading of the v.2014.1 C-Table including 14,201 data points from 1,713 subjects 
measured at 24 landmarks, and then re–implemented at the end of the data processing interval 
to calculate interval time. These C-Table data concern 11 prior FSTT studies ([1, 7, 19-26] and 
O’Grady et al. [27] cited in [28]) and thereby present a robust test for any single study whose 
sample size and landmark number is likely to be less than that tested here. The time trial was 
conducted using version 3.4.2 of R (2017-09-28; "Short Summer" [6]) on the 32bit platform 
provided by a stock Dell Latitude laptop (Intel Core i5-7300U CPU of 2.6 GHz and 16GB of 
RAM). 
 
3. Results 
TDStats analysed the 14,201 data points from 1,713 subjects at 24 landmarks from 11 studies 
to generate 140 data analysis files in under 45 seconds. This included 120 plots of data and 20 
other associated files, including summary statistic tables. Example outputs of all five plot types 
at single landmarks are presented in Fig. 2. Summary statistics were cross-validated against 
untrimmed means reported by the original publishing studies ([1, 7, 19-26] and O’Grady et al. 
[27] cited in [28]). In all cases, where the same samples were run as the original studies, 
TDStats means matched previously published means. Table 2 presents the output table of 
summary statistics for aggregate data across the 11 studies derived from the publically available 
C-Table. 
 
4. Discussion 
TDStats provides a standardized pipeline for exploratory FSTT analysis that includes the shorth 
and the 75-shormax, and provides user-friendly data visualisation ‘at the push of a button’ [2]. 
The ability to comprehensively undertake detailed statistical analysis of FSTTs from multiple 
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studies in automated fashion in under 45 seconds, and calculate two robust statistics for each 
landmark not possible in other statistical packages is a major benefit in the craniofacial 
identification space, especially given the explosion in numbers of FSTT studies in recent times 
(Fig. 1). Simply stated, TDStats standardizes, simplifies, and speeds up FSTT analysis whilst 
simultaneously encouraging EDA.  
 
The entire approach of TDStats is facilitated and made possible by the advanced, extensible 
and free statistical programming capabilities of R, and its rapid prototyping features [6]. This 
is a major advantage such freedoms have previously been harder to come by. No longer must 
researchers spend hours calculating summary statistics using point and click approaches in 
expensive commercial based GUI programs or be limited to basic / unsophisticated summary 
statistics, instead they can rapidly prototype and develop or add on their own capabilities. The 
open source and free nature of TDStats and R provides powerful solutions for those researchers 
with some fluency in R to extend, adapt, and customise the script to their own user–specific 
applications in the FSTT space [18] and arguably as the forensic anthropology develops in the 
future, the ability to program in statistical computer languages will become a mandatory 
expectation of students entering the field [18].  
 
The automated generation of boxplots by study sample in TDStats is a powerful analytical tool, 
enabling inter-study comparisons at a glance and effortless production of these plots in seconds. 
This enables broad sweeping reviews of previously published data when combined with public 
data repositories such as the C-Table [2], easy appreciation of variability between studies and 
authors (also useful as a guide to gauging sampling and measurement errors when samples 
from the same parent population are evaluated [2]), and has been used to identify strange and 
outlying datasets (e.g., that of Czekanowski [30] as reported in [2]). TDStats has been 
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successfully employed by an increasing number of investigators for previously 
published/available raw data [2, 31, 32],  newly collected data [33, 34], and the C-Table as 
illustrated herein and in [3] (Fig. 4), providing proven and extensive evidence of TDStats’ 
utility in the craniofacial identification domain. 
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Fig. 1 – Numbers of FSTT publications by year since 1883. Plot created using study numbers 
drawn from the literature in [5] and further updated by [3]. *Active time bracket. 
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Fig. 2 – Plots of Anscombe’s quartet from Table 1 in R [6]: a) dataset 1; b) dataset 2; c) dataset 
3; and d) dataset 4. NB. Substantially different patterns in the data, despite their similar 
summary statistics provided in Table 1. 
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Fig. 3 – Examples of TDStats (v2017.1) plots using the C-Table data (v2014.1) after Stephan 
[3] (n = 1713): (a) box plots by study at glabella (g) landmark; (b) density plot by sex at the 
left zygion landmark (L_zy); (c) scatterplot by age at rhinion landmark (rhi); (d) histogram and 
adjacent boxplot for total input sample (pooled if multiple samples) at the menton landmark 
(m) with shortest half, shorth and shormax plots. Black dot = shorth; grey dot = shormax; 
bracket = shortest half; bold bar = median; and cross = untrimmed arithmetic mean; and (e) 
violin plot for the left gonion landmark (L_go).  
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Table 1: Ancombe’s Quartet [11] as called in R [6] with summary statistics calculated. 
 
Dataset 1 Dataset 2 Dataset 3 Dataset 4 
x1 y1 x1 y2 x3 y3 x4 y4 
1 10 8.04 10 9.14 10 7.46 8 6.58 
2 8 6.95 8 8.14 8 6.77 8 5.76 
3 13 7.58 13 8.74 13 12.74 8 7.71 
4 9 8.81 9 8.77 9 7.11 8 8.84 
5 11 8.33 11 9.26 11 7.81 8 8.47 
6 14 9.96 14 8.1 14 8.84 8 7.04 
7 6 7.24 6 6.13 6 6.08 8 5.25 
8 4 4.26 4 3.1 4 5.39 19 12.5 
9 12 10.84 12 9.13 12 8.15 8 5.56 
10 7 4.82 7 7.26 7 6.42 8 7.91 
11 5 5.68 5 4.74 5 5.73 8 6.89 
Mean 9.00 7.50 9.00 7.50 9.00 7.50 9.00 7.50 
SD 3.32 2.03 3.32 2.03 3.32 2.03 3.32 2.03 
Variance 11.00 4.13 11.00 4.13 11.00 4.12 11.00 4.12 
Correlation 0.82 0.82 0.82 0.82 
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Table 2: Example of descriptive statistics report for 13 median landmarks provided by TDStats for the v2014.1 C-Table after Stephan [3] and 
following landmark nomenclature of [29]. 
 op-op′ g-g′ n-se′ mn-mn′ rhi-rhi′ sn-sn′ mp-mp′ pr-ls′ id-li′ sm-sm′ pg-pg′ gn-gn′ me-me′ 
n 15 893 1055 469 1008 194 855 441 343 819 826 247 698 
min 3 2 1.9 1.1 0 6.5 0 4 4 0 3.7 3.4 0 
max 12 11 14.5 9.5 8 22 31.2 23.1 29.8 22.2 23.5 15 22.9 
half_range 7.5 6.5 8.2 5.3 4 14.2 15.6 13.6 16.9 11.1 13.6 9.2 11.4 
mean 6.9 5.7 6.9 4.7 2.6 11.7 11.1 12.6 15 11.4 10.8 9.3 7.6 
sd 2.2 1.4 1.9 1.7 1 2.7 3.1 3.5 4.6 2.5 2.8 2.1 3 
median 7 5.7 7 4.7 2.5 11.5 11 ′ 15.7 11 11 9.2 7 
MAD 1 0.8 1.3 1.2 0.5 1.5 2 2.1 2.6 1.4 2 1.4 2 
mode 6 6 6 4 2 12 12 12 16 12 12 9 7 
skewness 0.2 0.5 0.4 0.1 1 0.8 0.8 -0.3 -0.2 0.3 0.2 0 1.2 
kurtosis 0.5 0.5 0.2 -0.5 2.6 1.4 4.1 -0.1 0 1.9 0.5 -0.1 3.1 
SH_n 8 447 528 235 505 98 428 221 172 410 414 124 350 
SH_min 5.5 5 5 2.9 2 10 9 11.3 14.4 10 9 8.6 5 
SH_max 7.5 6.5 7.3 5.3 3 12.5 12.4 15.3 19.2 12.4 12 11.2 8 
SH_half_range 6.5 5.8 6.2 4.1 2.5 11.2 10.7 13.3 16.8 11.2 10.5 9.9 6.5 
Shorth 
(SH_mean) 6.6 5.6 6.1 4.1 2.3 11.2 10.5 13.2 16.6 11.1 10.5 9.9 6.4 
SH_sd 0.7 0.5 0.8 0.8 0.3 0.7 1.1 1.2 1.3 0.8 1 0.8 1 
SH_median 6.5 5.5 6 4.1 2 11 10.5 13.1 16.6 11 10.6 9.8 6.5 
SH_MAD 0.5 0.5 0.9 0.6 0 0.6 1 1 1.1 1 0.6 0.7 0.5 
SH_mode 6 6 6 4 2 12 10 12 16 12 10 9 7 
SH_skewness -0.1 0.1 -0.1 -0.1 0.8 -0.2 0 0.1 0.2 -0.1 -0.1 0.1 0 
SH_kurtosis -1.2 -1.4 -1.3 -1.3 -0.8 -1 -1.3 -1.1 -1 -1.4 -1.2 -1.3 -1.2 
Shormax 9 7.2 9 6.4 3.7 14.2 14.3 16.4 20 14 13.8 12 10 
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SH = Shortest half 
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